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Abstract 
In this paper we investigate the effects of emission- and system-related parameters on inventory lot-sizing problem and supply 
chain performance under dynamic stochastic demand, considering carbon cap-and-trade regulatory mechanism. We develop an 
integer linear programming model to conduct extensive computational experiments to produce results for different business 
settings. Furthermore, we show that the cycle service level and the demand coefficient of variation have significant effects on 
costs, inventory and emission generated in a supply chain.  
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1. Introduction 
Recently, United Nations report on climate change suggests that carbon emissions are causing irreversible and 
widespread damage to the planet and governments can keep it in check by cutting greenhouse gas emissions to zero by 2100. 
Reducing emission through operational decisions has been newly explored area of the forward supply chain. Benjaafar et al. 
(2013) incorporate carbon emission constraints on single and multi-stage lot-sizing models with a cost minimization objective. 
Inventory lot-sizing problem has been widely studied and integrated with supplier selection or carrier selection to minimize total 
logistics costs (Choudhary and Shankar 2011, 2013, 2014). Absi et al. (2013) present new carbon emission constraints in multi-
sourcing lot sizing problems. They also analyze computational complexities of the mathematical programming models 
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incorporating these constraints. Jaber et al. (2013) account for green house gas emissions generated due to vendor’s production 
process under cap-and-trade system using EOQ model. They jointly optimize inventory related cost and emission related cost. 
The work of Plambeck (2012) shares the experiences of how it is possible to profitably reduce gas emissions in supply chains.  
In this paper we attempt to explore the effects of ordering costs, cycle service levels, demand coefficient of variations 
and emission parameters on inventory lot-sizing problem and supply chain performance under dynamic stochastic demand. We 
consider carbon cap-and-trade regulatory mechanism, a successfully implemented regulatory mechanism in various parts of the 
world including the European Union. Using an integer linear programming model, we conduct extensive computational 
experiments to produce results for different business settings. We analyze and document the results of the computational tests, to 
illustrate the effects of parameters considered in the study. 
2.  Methodology 
Tarim and Kingsman (2004) developed a mathematical model for inventory lot-sizing problem under the static-
dynamic uncertainty strategy with cycle service level constraints. We incorporate carbon emission constraints in this model as 
described below. We use following notations to formulate the model. 
Symbol Description 
o ordering cost 
v unit cost 
 carbon price in the market 
h holding cost per item per period 
i any period in planning horizon 
j index for replenishment cycle such that i – j + 1 is its starting period and i is the ending period 
 binary variable indicating whether the order in period i placed or not 
 carbon credits bought in period i 
 carbon credits sold in period i 
 net inventory at the end of period i 
 lot size ordered in period i 
 order up to level in period i 
 demand in period i 
M large number 
α cycle service level 
 binary number 
T number of periods in planning horizon 
 ordering related emission per order 
 variable emission per item 
 storage related emission 
CAPhorizon carbon cap on the horizon 
 
The model is described in Equations (1) to (9). 
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Pij, Zi ϵ {0, 1}, E(Ii), E(Ri), E(Xi) ≥ 0  i ϵ [1, T], j ϵ [1, i],   (10) 
 
Equation (1) represents the objective function, which minimizes the total cost including ordering costs, holding costs, 
variable cost incurred on expected order size and the cost or revenue related with carbon credit purchased or sold. The 
Constraints (2) calculate expected end-period inventory. The expected lot size in any period i is calculated in the Constraints (3). 
The Constraints (4) ensure that the expected order up to level of a period must be greater than the ending inventory of previous 
periods. Charging ordering cost for each order placed is ensured in the Constraints (5). The Constraints (6) ensure that amount of 
stock-out cannot be more than cycle service level requirements. The Equations (7) and Constraints (8) identify uniquely the 
replenishment cycles included in the optimum replenishment schedule. We refer Choudhary and Shankar (2015) and Tarim and 
Kingsman (2004) for more details related to these constraints. Constraint (9) controls carbon emissions under carbon cap-and-
trade regulatory mechanism applied over the planning horizon. The first term in Constraint (9) accounts for carbon emissions 
produced due to ordering, the second terms account for variable emissions and the third one is for storage related emissions. On 
the right hand side of the Constraint (9), the first term denotes carbon cap applied over the horizon, whereas the second term 
includes and denoting the amount of carbon credits the organization buys or sells, respectively in any period. Buying or 
selling carbon credits help in relaxing the carbon cap imposed over the horizon. 
3. Experiment results 
We conduct full factorial experiments considering different levels of the parameters considered in the study. While 
ordering cost and ordering emission both are assumed to have values to be 200, 400, and 900 units, carbon cap CAPhorizon ϵ 
{10000, 25000} and carbon price p ϵ {1, 5}. Likewise, we investigate effects of cycle service level CSL ϵ {0.9, 0.95, 0.99} and 
demand coefficient of variation CV ϵ {0.1, 0.4, 0.7}. The planning horizon consists of 18 periods of equal duration without any 
initial inventory.  
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Figure 1 Effects of cycle service level 
Figure 2 Emission cap versus total cost, total emission and total inventory 
Figure 3 Effects of ordering emission 
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The analysis of experimental results suggest that the cycle service level (CSL) to meet end-customer demand, has 
significant impact on supply chain performance and emission generated in the supply chain. With the increase in CSL from 0.90 
to 0.95, there is significant increase in total cost, total inventory and total emission but the increase in the values are even steeper 
when CSL increases from 0.95 to 0.99. Figure 1 demonstrates the variation in costs, inventory and emission with CSL.  
Likewise, the demand coefficient of variation also has significant influence on supply chain performance and emission 
produced and has variations similar to that of CSL. When the value of coefficient of variation is low, the total cost may even 
become negative i.e. the organization start earning revenue. The required inventory for such cases is low, so the emissions 
produced due to inventory holding are also low and unused emission credits may be sold to earn revenue. 
In carbon cap-and-trade regulatory mechanism, the effect of carbon cap on emissions is insignificant, as depicted in 
Figure 2. But it affects total cost extensively, whereas inventory remains constant. There is increase in total inventory, total cost 
and total emission with increase in ordering related emissions as shown in Figure 3. At higher values of ordering emission, the 
rate of increase in corresponding values of inventory, costs and emission are higher. We get similar results by varying ordering 
costs. 
4. Conclusions 
We study the inventory lot-sizing problem under non-stationary stochastic demand with emission and cycle service 
level constraints and analyze the impacts of product-related features, system- and environment-related parameters on inventory 
costs and emissions. We use an integer linear programming model under carbon-cap-and-trade regulatory mechanism and 
conduct comprehensive computational tests. The model explicitly accounts for emissions due to ordering and storage activities 
along with emission per unit purchased. In addition, the model also considers the total cost incurred, including the purchasing 
cost, the ordering cost, the inventory holding cost and the cost (revenue) due to emissions produced beyond (under) the carbon 
cap with a constraint on emissions generated. The results find that how cycle service level, demand coefficient of variation and 
emission parameters affect the total cost, total inventory and emissions generated. 
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